Adult patients who smoke are known to have airway complications during general anesthesia. The objective of this study was to explore the relationship between environmental tobacco smoke (ETS) exposure in the home and laryngospasm during general anesthesia in pediatric patients. A retrospective, cohort study was performed on pediatric ambulatory patients in the day surgery center and main operating room of a university hospital. We studied 310 consecutive pediatric patients (all ASA physical status I) who underwent an outpatient elective ear, nose, and throat or urologic surgical procedure in the spring and summer of 1994, and received inhalation induction by mask with halothane. Laryngospasm was identified from quality management and anesthetic records, and included only those patients whose records indicated that succinylcholine was given because of oxygen desaturation and inability to ventilate. Patients' families were questioned within 1 wk after surgery as to the number of smokers in each child's household. Of 96 children with ETS exposure, 9 (9.4%) developed laryngospasm.
Adult patients who smoke are known to have airway complications during general anesthesia. The objective of this study was to explore the relationship between environmental tobacco smoke (ETS) exposure in the home and laryngospasm during general anesthesia in pediatric patients. A retrospective, cohort study was performed on pediatric ambulatory patients in the day surgery center and main operating room of a university hospital. We studied 310 consecutive pediatric patients (all ASA physical status I) who underwent an outpatient elective ear, nose, and throat or urologic surgical procedure in the spring and summer of 1994, and received inhalation induction by mask with halothane. Laryngospasm was identified from quality management and anesthetic records, and included only those patients whose records indicated that succinylcholine was given because of oxygen desaturation and inability to ventilate. Patients' families were questioned within 1 wk after surgery as to the number of smokers in each child's household. Of 96 children with ETS exposure, 9 (9.4%) developed laryngospasm.
Of the 214 patients without domestic ETS exposure, 2 (0.9%) developed laryngospasm. The relative risk for developing laryngospasm was 10 times higher in the ETS-exposed patients, compared with the non-ETS-exposed group (95% confidence interval = 2.2-45.6; P < 0.001). We conclude that ETS exposure is a strong risk factor for laryngospasm in infants and children during general anesthesia.
(Anesth Analg 1996;82:724-7)
A lthough the mechanism of laryngospasm is unclear, there is a more frequent incidence with upper respiratory tract infections (URIS) in children, certain operations, premeditation, and anesthetic techniques (l-3). Laryngospasm is thought to be precipitated by closure of the true vocal cords, resulting in complete or incomplete airway obstruction (4-6). Laryngospasm is a sustained event that can be abolished by deep anesthesia, neuromuscular blockade with succinylcholine, or positive pressure ventilation. Unlike bronchospasm, laryngospasm will often be terminated by severe hypoxia and hypercarbia, although this is not a recommended method of treatment (4,7).
Adult patients who smoke have an increased risk of airway complications during general anesthesia. Some of these complications include slower bronchial mucus transport, bronchospasm, decreased oxygen saturation intraoperatively, and hypoxemia in the recovery room Accepted for publication December 21, 1995. Address correspondence and reprint req+sts to Paula M. Bokesch, MD, Department of Cardiothoracic Anesthesia, The Cleveland Clinic Foundation, G-3, 9500 Euclid Ave., Cleveland, OH 44195.
(S-10). Recent studies in children have shown that environmental tobacco smoke (ETS) exposure increases the incidence and severity of asthma and respiratory illnesses (11). The purpose of this study was to determine whether ETS exposure is a risk factor for laryngospasm in infants and children having general anesthesia for elective surgical procedures.
Methods
A retrospective analysis for laryngospasm during general anesthesia was performed on the anesthetic records of 322 consecutive male and female pediatric patients who had elective outpatient ear, nose, and throat CENT) or urology surgery with general anesthesia. Charts were reviewed weekly for 5 mo between April and August 1994. Patients were excluded if they had a history of asthma, bronchitis, bronchopulmonary dysplasia, previous pneumonia, or symptoms associated with URI within the 2 wk preceding surgery. Anesthesiologists involved in the anesthetic care of the patient were not aware of the study.
The following information was obtained from the anesthetic record: age and gender of child, ASA physical status classification, premeditation, induction technique, and monitoring. Use of intraoperative regional anesthesia, opiates, nonsteroidal antiinflammatory agents, and rectal tylenol was not surveyed. Patients with evidence of laryngospasm, indicated on the anesthetic record by a drop in oxygen saturation less than 90% and the use of succinylcholine to reestablish ventilation, were noted. Parents or legal guardians were contacted by telephone within 1 wk of the surgery and questioned on the child's exposure to ETS in the household. A smoker was defined as a household member who consumed no less than five cigarettes per day and had daily contact with the child. The chart reviewers responsible for recording the household smoking history were blind to the patient's laryngospasm history. The relative risk for laryngospasm comparing the ETS-exposed and nonexposed children was calculated together with the 95% confidence interval. Statistical significance was determined if the relative risk was greater than 1, and the 95% confidence interval did not include unity.
Results
Of the 322 charts reviewed, 10 were excluded because the patients had a history of asthma (2), bronchopulmonary dysplasia (4), previous pneumonia (l), or symptoms associated with a URI within 2 wk preceding surgery (3). Exclusion criteria were similar for ETS-exposed and nonexposed patients. Two patients were dropped from the study because we were unable to contact the parents by telephone postoperatively. All remaining patients (310) were ASA physical status I and underwent either outpatient ENT or urologic procedures. Ten different anesthesiologists were involved in the anesthetic care of these patients.
Most patients were premeditated in the holding area with midazolam (oral, intramuscular, or intrana-Sal). No patients received opiates in the holding area. On arrival in the operating room, electrocardiogram, blood pressure, oxygen saturation, precordial breath sounds, and end-tidal CO2 were documented on the anesthetic records. All patients were induced by mask using halothane, nitrous oxide, and oxygen. A peripheral intravenous catheter was placed in all patients after induction. The patients (33%) were intubated in a nontraumatic fashion, and with one attempt. All intubated patients received atropine, 0.01 mg/kg intravenously, and a nondepolarizing neuromuscular blocker (usually atracurium) prior to intubation. All intubated patients were noted to have an air leak around the endotracheal tube below 25 cm of H,O pressure. Prior to extubation, neuromuscular blockade was reversed with neostigmine and glycopyrolate in 78% of the intubated patients. Laryngeal mask airways were not used in any of the 310 patients reviewed. (47) 2.25 (range = 0.5-9) 69 (32) Of the 310 patients reviewed, 96 (33%) had ETS exposure, and 214 (67%) did not have ETS exposure at home. Table 1 shows the characteristics of each group. Both groups of patients were well matched with respect to age and gender.
The incidence of laryngospasm during general anesthesia was 10 times greater for those with parental ETS exposure (relative risk = 10.0; 95% confidence interval = 2.2,45.6; P < 0.001). Of the 96 patients with ETS exposure, 9 (9.4%) developed laryngospasm, whereas only 2 (0.9%) of the 214 patients without ETS exposure developed laryngospasm (Table 2) . Among the 96 patients exposed to ETS, laryngospasm occurred in 6 children of 34 mothers (18%) who smoked, in 1 child of 42 fathers (2%) who smoked, and in 2 children of 20 (10%) who were exposed to ETS from both parents. All episodes of laryngospasm occurred on emergence from general anesthesia. There was no significant relationship between laryngospasm and gender or type of operation. Neither was there a higher incidence of laryngospasm in nonintubated versus intubated patients. The youngest patient to develop laryngospasm was 14 mo old, based on our requirement to use succinylcholine to reestablish ventilation.
Discussion
Identification of risk factors for complications during general anesthesia, such as laryngospasm, is important in planning a rational technique for intra-and postoperative anesthesia care. Serious sequelae of laryngospasm include aspiration and hypoxia which, if not treated promptly, can result in cardiac arrest and brain damage (1, 12) . This study has identified another population of infants and children, namely those with a history of ETS exposure, who are at substantially increased risk for laryngospasm on emergence from general anesthesia. We observed a higher incidence of laryngospasm in children exposed to ETS from one parent when it was the mother (6 of 9 or 67%) rather than the father (1 of 9 or 11%). This difference may be related to the greater contact of the child with the mother, although we did not obtain this information during our interviews. Other studies have indicated that maternal smoking is PEDIATRIC ANESTHESIA LAKSHMII'ATHY ET AL. ANESTH ANALG PASSIVE SMOKING AND LARYNGOSPASM 1996; 82:724-7 a significant independent risk factor for recurrent otitis media and asthma in infants (11, 13) . Martinez et al. (14) reported that children of smoking mothers are more likely to have diminished airway function and increased wheezing. Cohen and Cameron (15) reported in a large multicenter study of over 20,000 patients that children with URIS were 4.5 times more likely to have an intraoperative problem with airway obstruction than children without a URI. In the present study, patients were excluded if they had symptoms of a URI within two weeks of their surgery. We recognize that adverse respiratory-related events can occur for six to eight weeks after a URI. However, a large number of the patients underwent ENT surgery, primarily myringotomy and tubes, and it is difficult to have a URI-free interval of six to eight weeks in these patients. In addition, Tait and Knight (3) found that patients who were asymptomatic at the time of surgery but had a history of symptoms associated with a URI within two weeks preceding surgery had a small but significant increase in the incidence of intraoperative complications but not laryngospasm. Also, we intentionally selected cases performed in the spring and summer to avoid the cold season. Finally, the incidence of laryngospasm in our study of 0.9% in the non-ETS-exposed group is consistent with the incidence of intraoperative airway obstruction reported in Cohen's and Cameron's (15) study of 0.76% in children with no URI. Therefore, we do not feel the possibility that some of our patients may have had subclinical URIS weakens our conclusion.
We did not observe laryngospasm in infants less than one year of age. Previous studies have indicated an increased risk of laryngospasm in infants between the ages of three and nine months (1, 16, 17) . We identified the patients with laryngospasm retrospectively as those who received succinylcholine to reestablish ventilation. Therefore, we did not include patients who were treated with positive pressure ventilation alone, which is frequently successful 'in breaking laryngospasm in younger infants. As a result, we may have underestimated the incidence of laryngospasm in both the ETS-exposed and nonexposed groups.
Previous studies have shown a higher incidence and increased severity of asthma attacks in children with measurable serum concentrations of cotinine (a nicotine metabolite) as a result of ETS exposure (11). A recent abstract by Skolnick et al. (18) reported a positive correlation of adverse respiratory events in pediatric patients undergoing general anesthesia and serum cotinine concentrations >lO ng/mL. Although urine or serum cotinine concentrations were not measured in this retrospective study, there were no other known risk factors for airway complications in our patients.
In summary, ETS exposure resulted in a lo-fold increase in the incidence of laryngospasm in children on emergence from general anesthesia. The risk for laryngospasm is greater if the source of passive smoke is from the mother, although this may reflect the greater amount of exposure to one parent. Therefore, thorough preoperative evaluation of pediatric patients should include questioning for the presence of smokers in the household. 
